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(54) DISK ARRAY DEVICE AND DISK WRITING CONTROLLER 

(57)Abstract 

PURPOSE: To attain the efficiency and high speed of the write access of 
data whose size is especially small by transferring write data to a 
preliminary disk drive, and storing the data in it before executing a write 
back processing at the time of the write access. 

CONSTITUTION: The write cache of storing the write data from a host 
computer 2 in a cache memory 6 is executed. Afterwards, the write back 
processing of transferring the write data from the cache memory 6 to each 
disk drive DD0-DDN is executed. Before the write back processing is 
executed, the write data are transferred to and stored in a preliminary disk 
driver DOS by a preliminary disk DMA controller 11S. Also, at the time of 
the write back processing, when the transfer of the write data from memory 
6 to each disk driver DD 0-DDN is imppossible, the write data stored in the 
preliminary disk drive DDS are read and used. 
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x^ K^-r^, 

^£B§KfJE#7VX^ F5K:/lC«rE5^ hf^$: 

irnm 2 ] ^tft:rY X ^ F ^ft'&trtHS©^ 
X^ K^-f^t, 

:/ft»<S»E«-7Wx* H^^^lcttE^ F5r-^£ 

^ £tfjiB^ii^ x* f ^^csibTftjfrrs^Hi 

^x^SWI^S^ 

^ £ <D ^IB#^ X * F ^ -f WE 7-f hr-^© 
Kj&&*^IBfc££fc> Mffi^Wx^X^H^-f^fc* 

x# p^-y 

X^ K 7-Y /\^^7 >y y t LT«lt^>^- F ^ft 

jrrs^-Ftfej&f®^ 

X^ F5K liB#r^ X^H^-f t/lcM 

fc, iiB7^ h^-^^BuE^Wx^x^F^-r^fce 

m L<T&MTZ>^ffi : rJ X * ffi «¥S t. ft Affif IsfcZLL 
S1$«tt5r>fX^ • 7WSM. 

4 ] ^flt^-r x^H7^f :/ft*tf **<&t^ 

X^ F^f:/ft*rr*7VX* • yXfAi:i5^T, 

rnwmz, wE^-r hx-^osmim wE^-r 

-^&ft«-r**a5Sx-^*«ktX»E^^ hT-^$:i 
ISf If ^ X ^ 1^ 7^ 7*^i < ilE^f ^ X ^ F 7^f ^ 



2) Wi§¥7-5 6 6 9 3 

2 

ffifEAy^Ty^ftlWNfi^ MUfif^X^F^y 
OjgJKTST F l/Xl:iE»f"^> fitrEftBiJfiffiL 

WE^-f N^-^^itmEiB^fli*****^^-- 
* »&*m» 5 j« t ft*« bfc - 1 ft w» t-r X 

[0 0 0 1] 

^H7^^MLT^1"Sf>{X^ -:twm»ic 
[0 0 0 2] 

S^HBE1iS«tL'T, RAID (Redundant 
Arrays of Inexpensive Di 
sks) tWtfnT^Sr^^'7W8WB« 
T&£o r>TX^-7W8iH «»©f>f X# F5 
-f^ (A-Ff^X^gg) ft#U toh3>ka» 

1 #©A- Ft^ X*««ft7*-feX*rs«fc "5 
[0 0 0 3] r^>'7Wlllfctt, l^;H-5 

U— tf>^ (interleaving) fccfcD*^ 
X^F7^^»UT»SH*§. -l^Jl/402r 
5ttt* ^Xhri>t!^--^^e<Dx-^ft^*"r^^j- 

[0 0 0 4] 2£tCs v^;w5a>*scttu^;W4^ra« 
§f^^F7^^^ftT^no y^5tk 

WS^** H7>f ^ftflf^TV^lcMbT, 

[0005] fip%, i/^;i/5©*an lasjc^Tci:^ 

^ t> «»Of ><X^ F7^7*DD 0-DD 3 l:f-^?: 

mmtzzr fp-x o-i n:MLT»«tst* 

[0 0 0 6] ^dTs (liS-fe^^TFVX) 

fctta*T«5 1 2/w h©f-^^*w$n5, f^ 

X^F7^7"DD0-vDD3m H— ^iSir^^N 
(N-0-3) ^JRTS4^©Sft317FUX'fe^^ttl 

^pdi-pd4 ^n^n, ;vj <t4 ?)v-?*m$u 

50 t5»17 FVXt^^Oftr-^ tH-/M httIS 
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[0 0 0 73 ^<D^3UU^)l5<Dft^\t. l im^r 
^X^H7^fy (MtfDDO) 3&%BLTt>, SiOO 
Z-&<n*T47s>7 }*7<i7 (DD1-DD2) (D^—ft 

[0 0 0 9] — ft. l/^5©^il/^3^t 

[0 0 10] b#>U l"*;V5te:fcHT*b. /Jv£l>"9"-f 

»l:7>fh7^tXW:, ^tyya^^'J^l 
BP'S, «^ttlW^»fiD7^ h7^tXTH 

r/ffiAUf>ff-^07>f h7^tX©«-47^t^ 
[0 0 11] £<B<fc5fc*££#»-r*fc«>fc:* 

brtyzmmzmn*?*. so 
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[0 0 12] 

• ru^mm\z^>T. 54 b^y^zLft^m 

& t- ? *mm £ ft temm&&±? * *j 

lett^**, ;r©£5fc*tfc&i»£rntf, 7^r ^7 

9iBM\ttnl&£.feZ>. Z-<Dft#>* mZ7-i h*Wzs 

[0 0 13] (S*tt&?««)&fc86fctt, ^r>a^ 
|J^^^ • 7W • r3>hn— 7^21{C, £fcte 

[0 0 14] *»9!<0B«Kk h**^^^* 
SffltfeT^x^'7Hgil:i5^T, ftlc/hSW 
>fX©T-^07-f hT^irX©S5a^oa!i*ft*HS 

[0 0 15] 

[0016] ^e>tc, *jwitt9-f hrtvzmmmz, 

b "r—*? <DteMfi^l$mfc £ & \Z. fir>f7^K7^ 
[0 0 17] 

MIC ^ffiTJXZMm^m}*?^ hr^^Mr^ 
[0 0 18] $e>JC, ny97v7Hm¥ 
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5 

[0 0 193 

mum &Tmm*&mvT*mwonmmzwiw~r 

A I DSD <DW&&mT7Uy?m. 02^04^ 

[00203 m 1 ^^-Tck^iC. ^CO-x^ 

X# K7^^DD0-DDNtl^fir^X^ 
^DDs, *5£tf&7VX^ F^-f 7*UmTZ> : TJ 

^TS) 1 £*Tf£o 3>hD-7lll UU\s5<Djj 

flTMT^. 3>hn-^lte, 7-f hr 

-^i:M^A'Jr>fT-^^MlTSf^X^ F 
7-f^DD0~DDNtMlt^i«. * 

[0021] 3>hu-7ni ^n^n-feytf 

(CPU) 3. ^mb^ffi^^U (ROM) 4, U~F 
/^^fh^^U (RAM) 5, ^t^^^^Ue^ /t 
Ux-<^ri6liI»7^<fc^rt«AX8&*"r*. CPU 3 

tt, r om 4 i:f ftWiiJnfc^D ^7 A c«k 0 , #5* 

K7-f^DD0-DDNOU-hV7^ hftlflU 
S^SIff-r^o RAM5ttCPU307-^«Utl 

A°U7^fe&[U&7te, *Xh3>lia-^2^ 

[0 0 2 2] £*>i~. 3>hD-7lH ^XhDMA 
a>ho-7 (^XFDMAC) 9. -f>^ — ^x — X 
10> r^X^DMA3>hD«-7 (f^X^DMA 
C) 110-11N, ^>^-7x-X120-12 
N, flf^X^DMA3>hn-7 (flDMAC) 
1 1 sfccfctf-O^-^x— X 12s &ft§o *XF 
DM A C 9 te, 3ft X N/U 1 3 <hftg&A*X 8 f850D^— * 

X FAX 1 3 •7-1' hf^^fy^a^^U 6 

tcteSIT^, -f >^-^x-X 1 0 te*X FAX 13C 
»«?nT, 3^X F n >fc!rL-^ 2 <h095r-*3£&£^ 



4) 4$H§¥7-5 6 6 9 3 

6 

[0 0 2 3] 5r-Y X^DMAC 110-1 lNtt^nf 
tttfM >^-^x-X 1 2 0-1 2N^LT, &=T4 
X^ F^-f :/DD0-DDNchl*l8BAX8 tcom^- 

*«2t£««rr*. ^«dmac i 1 sim^-7i 

SBAX 8 toKOr-^SI^IM^. 
[0 0 2 4] H*««lO»f^*Bl^i-S. 
(X#ftfis) 0 2O7D-^-h$#IU> 

i0 ^Xh3>t!^ (*XFCPU) 2#£U-F 
/^-f F (R/W) 37>WXh/Ul 3£tYLT 
tfcmZtlZL. «hDMAC9»WX8?:H;T 
> F&RAM 5 KHSjTT £> (Xf7^Sl, 

52) c CPU3I1 *X hCPU2*^0R/Wa7 

53) c 7^X*n^>Fte> ftf^X^F^^DD 
O-DDN0U-hV7^f F«W 3 &*fT'rSfc«>a)3 , 7 
>FT*&£. 

[0 0 2 5] CPU3«^SIL^>rX^r3T>F^R 
a? AM5tMt§. fa^DMAC110-HN 
\t. RAM 5fr£ U— F/^-f Fifrft^ff^T^T^f X 
i7nv> F£&tVX£7 F^-f 7*DD 0— DDNtdfe^i 

(U-FT^-feX) ?>rX^3Y>KOT-H3T>H 
T*$>n« (Xf7^S4©YES) > r^fX^DMAC 
110-1 lNttU-P37>H*ftT^W^-f^ 
DDO-DDNt^m (Xr^7 p S6) • X 
^F7-f^DD0-DDNH »jesnfc»3ffi-fe^^T 
FVXC07 f -^^aiTU--FT^irX^fr-r^ (X 
30 r^ys 7) „ f^X^DMAC 110-11 NH ft 

(Xfy^S 8) . 

[0 0 2 6] *XFDMAC9te. <EMiHff £t*x y * 

Lfca*s>. *^yS/3L^«u 6tc*Mrt;*nfcu-F7*- 

^H>^-7i-Xl 0^UT^XhCPU2l:lS 
iTT* (XT77"S9) o WBr>fX^K7 
-fyDDOCO^^X^tC^^yx^ F^ftbfcO> 7^ 

*fftBfc»frtett* C P U 3 ttx-^0«««t3ffiS*frT 
40 (XT7 7*S 1 0CDNO, S 1 1) . fiP^, CPU3 
tt, T^X^DMAC110^l/T, U— FTfTfcH 

T-^^atT+t^i/a^^U 6fc»ttt^ *X 
hDMAC9H **y$/a>HEU 6^^fil/fcT- 
^ * U - Kr-^ i tT*X h C P U 2 CtelT^c C 
PU3lt IE*lcU-Fnv>F^Jl*7T^^ jE#& 
7Xf-^x^x F c pu 2 icaNTS"*. 

[0 0 2 7] CPU3H mWttDJ: o yztoZM^rJ X 9 
50 F^-f^DDOfclSt^^-r^xh, 5^ 7x*h<Z>X 
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D D 0 ©ftfr 0 X^F^^DDs £ft#*T 

^DDslC^t^o CPU3«fif>fX^H 

[0 0 2 8] $XhCPU2^^©3T>^7^N3 
v>H"C*tl« U7y?S40NO) , CPU 3tt# 

x^frrs (xt^s5) o w*««-ett. 

DMAC9H ^hCPU2^6©7-f hr-^^ 
[0 0 2 9] ^T0 3©7D-ft-h^#ItT, m 

[0 0 3 0] IP 5* CPU311 *XhDMAC9f:cfc 

o^nfc7^h3Y>HiaD, ^^h^-^cDK 

Z> Uf'^SU) , ^CD<h#, CPU3fm*r> 

«K«7*-* 5 K^HIM X©r-^T$>nif 
(Xf^yS 1 3©NO) , ^XhDMAC9H *X 
hCPU2^6©7^f *S*tV ^a^U 6\Z 30 

^iTT^ Ur^^SH) o CPU311 /1U5^£ 

f-^^MLWt ? ya^^EU 6 Uf 
^^S15). CPU3H 7^ hr-^©#» 

[0 0 3 1] ?>f^^DMAC 110—1 1NH 4^ 
#T-rX^H^yDD0-DDNtfi2lt<&. & 

Bft3S-fe^^7HUXfc*Mft"rs (Xfy^S17) o C 
PU3lt X^ K7^^DD 0—DDNCD^:T^ 

X £*X h C P U 2 
[0 0 3 2] Z.<D£ofc5-i bT?-tX!%\Z&\,>T*>, 



M¥7 - 5 6 6 9 3 

K^-f^ftfcOfc^r^^^ h*7 / f?DD s £ 
«#T^>o ^©ttfjtllTH «PSL&t^X^H7^ 
^DD0l:Ml^iT-^^MlT, ^1f5VX^ 
F7^^DDsl:««rr5. CPU3^ir^ 
X^ ^7^^DD s ^riE^cDx^X^ ^-f^tlTffi 

^H-^fXOr-i'Tftna Ufy^S 1 3C0YE 
S) , ^hDMAC9H ^hCPU2/d^07-f 

hT—p&^wzs^t^v 6 jc^-rs (X-T-u/^S 

18). #Cfc\ *56WT?tt, fiDMACl IsttO 

*asnfc^-f h^-^^wiTVx* K^-f ^dds \z 
mm,?* ut7^s i 9) . jin^cfco, fif^x 

^ H7^f^DD s «7^ hr-^^U nv9Y+J 
7TZ>Z.£\Zt£Z> UT7?S2 0) o ^« 
DM AC llsH 3frX hDMAC 9 JC<fc OlBSI^ns 

[0 0 3 3] CPU3I1 ftr-f^^H^^ 

DDO-DDN07^HW (#7^-ilXfff) A*y 

Sn&^-f hf-^5^r>f X? F^^DDO-DD 
NfcJftWr*^ h/X^«3S«W?r* ^T7^S 
2 1) . 

[0 0 3 4] 7-f Wty^ittim H4l:^t«fc5 
fc, CPU3H AU5^£j*lil»7£teffll/r* 

rL^^EU6(C^-r^> (Xf7^S2 2) . f^fX^D 
MAC 110-11N(1 4 : t7y^^ : eU6d^7^ 

DO-DDNfcfcaiTS (Xf7^S2 3) e §r^X 
^F7-f7*DD0-DDNH 7^ hr-^tlr/^Jf 

[0 0 3 5] CPU3H #f>fX^F7^^DD0- 

t»7XT-^X h C P U 2 Ut7 

7*S2 50YES) o H(D<J;5fc^-Y hSty^MStflE 
*fc*Tt"**T, flT^^F7-f^DDsdi7 

[0 0 3 6] :^T, h/t^^«93^iE*IC||T-r 

5&*ffia*S££U£<h-r£> (Xf7 7*S 2 5 0NO) . 
flDMACllsH CPU3CDft7K^i;T, ^flf 
5=VX^ F^^f ^DD s W!y^77^lT$i§7^ h 
5 s — ^t'J — FT* (Xfy7*S2 6) « r>fX^DM 
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AC 1 10-1 1NH tF1t^X^H7<^DDs^ 

y PUXlZ?* Yrty>?-$% (Xt^:/S 2 7) „ Z.CD 
CPU3H Wr4£.f&mf6 7&&mVT* 7 

[0 0 3 7] ^Ci^CU, /h$W^7^hf 

7-f h3Y>H^7^So eico^ ^hCPU2 
^£>£>U-F/^ F7^-feXC>&^&x><X^ F^-f 
^DD0-DDNO7^f HJW:, ^^r^^^Ue 

F^-^O^-f FA'^ffla^fr^tl^o 
[0 0 3 8] flf^X^K^^DDsM^^r^ 
y^n^c^-r hr-^H 7-f hA*^^jM^»7« 

%\Z, f fr ^ X ^ H 7 D s C A 7 ^ 7 ^ ^ ^ tl 

[0 0 3 9] £Z.^X, f>rX^H7^^DD0-DD 

N\zmmtim£.Ltci&&\zu, mm(D±^^ x<oy 
^ b?--?<DT?±:xmhmm\z. ^flt^x^F^ 
^dd s &mmisTy : -?<D&w.mm*mft'?z>o z\<d 

r^f x^ H7Y^l:^t^T-^^ML, TffiT 
>fX^F7^yDDsl:MT§, 7^h^f 7 

^^UtlTfiU cPU3te^ii5^x^ F^-<:/ 
DD s ZJEMOtJ X^H7^^tlTW^ 
WI^X^F^:/DDs<Z)ftftO ^iC, *KW\Z 

0 7 *mmLTm&mzmw?2>. 

[0 0 4 0] CPU3iiffr^X^F7Y^D 
D s £^-T hT^irX-r^>^#iC, y-^t^-7 40 

FWXKHRJSH6 (7h>X0) # 

7Va^^U 6\Z&mt$tir£7-1 h^-?tf±T&^4 
X^ F7Y7'DD0~DDN}:7^ F Ay nfc <h£ 
\Z. f X^ H^Y ^DD s 0t^^7 H kX^IO 
mmiz&M-r*. *fc, l@<D:7--f Fn-T>Ffc<£9, 
7^hTt§yD^^37>H, Xr-^X^D 
tOlc^*:*— A^\y F£+#l;:^T#£^<z>;*;i* 50 



^7-5 6 69 3 

[0 0 4 1] m 7 (Dyn-^v- Fl^~r<£^ ^ CP 
U3H is—*r>>"r)V- y-f Fn^> F^mTJUT, 
^flTrVX^ H^T'DD s iCAy^ 7^:7^1*^ 
hr-^^7'1' FT^MW^fr^o (Xf7^S3 
0) o Z.Z.X. m^^X^^^f X(D^^ Vr-fCD? 
<i FT^-feXCD^Jc^ A*7^7y^t7'f hr 
-^teft^£:J&, CPU3«XJ^D7^ 

^RAMSM^t?) (Xf7^S3 1ON0, S 
3 2) o ffDMAC llsH CPU3l:cJ:0M^ 

^22TV\/7.0\Z%)\s7Uy?*1&mtZ> 
S33), 

[0 0 4 2] — ^hCPU2*^Ay^77^r 

nt, y^vnvz%M&m$s^n%> (X5^y:/S3i 

(DYES, S34) o CPU3lt \~?Uy 9 ^(O^y 
^D>y^$RAM5l;Mn (X-r^^S3 5) tt 
ffDMACllstl RAM5d^ffr>{X^K7 

\*V?,2\Zl&ffi?Z> (Xf7^S3 6) o Jj^T, ^« 
DMACllsH y->n.;*^:U 6^6^#^>r X 
^H7Y^DDs^7<hf^ tL— if?— 30 
5£U WK\*±??7Fl<<X3~6\Z&M-rZ> (X^y 
;/S 3 7) « 

[0 0 4 3] ZL^X. ^fftDMAC llsft F? 
<DifcW$\Z^m*r>( TsZ F7<^DDs0r>fX^ 

^^D^^^^W^te^-r^o CPU 3ft, y-fh 

T-2<o&mmz*)V7ny?&&mis. y-ivnyz 

mm\Z&ff-?Z> (XT7^S3 8, S3 9CDYES) • 

w*>. ^ys/a^u 6 iz&m-zntzy^ f?-* 

te> §T>TX^h t 7'1'^DD0~DDN(C7<bA7^ 
(Xf7^S4 0) o 7-f bf^^7Y h/t7 
^£n&(h, CPU3l^>^U-h^n7^ (C^D 

&RAM5 \Z£.$rtrZ> (Xt^^S4 1) * 
DMACllsH RAM5^^ffr>fX^F7Y^ 
DD slcn>:/U-F:/P^£temu fl!;Uf-fe:** 
7 F WX 8 tOfctfrT* (Xf7yS4 2) o 
[0 0 4 4] ^;^D^^7, ^y*fZfUy#%> 

wc^o^ft ^6^^^^, ^n-?ns 1 2 

A-f FCD?— ^#>£fc£<, X^Uy^H 1AM F 
OOXJl/^-F (M^OOh) tl/HhCO/Vy^T^ 

oAVh^r-^^e/^, x;un— feu ^-o^ 

[0 0 4 5] A7^U7^it l/Vf Y<t>*\y9^ — 
F M^ttfOlh) , 1AWFOID, l/Hh^n? 
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>F*^fc<fct«NX hCPU2^SKl$ti^7< ha 

<h©3>^J-h3-H («Atf0 2h) , 

0 I 1 W h®3Y> h^^SttS. IDt 

&«tm'tz>rz*b\zmm'2nz>, idh ^Wt^x^f 

7 Fl'XtfWWaKCfWBUfct^fc r 1 j £W-f>$ry i0 
*>h£*i£>o ^-f h/ty^Sti&^fta- If-?— * 

7uy#) O I Dttt»&4 I D#M*STU-Kt 
^M6ftV^y^D«^jJt*mt -Wi**^ h/t 

[0 0 4 6] £©J;5fcLT* /jN$V^-rX<7>7-f h*? 

l:ffl*l/W5. fclfck f f DMAC 1 1 s 

[0 0 4 7] *X hCPU2^^Ay^77^t^7 

MAC 1 1 s £^LT^Hi5VX^ H^^DD s fcfe 
SIT*, +tr/^U 6fc»*42nfc7 

IDMAC1 1 s ^iTHf-fX^ K7>f^DD s 
[0 0 4 8] ^©i;5^fT>fX^K7<^DDs$ 

h7;7-trXT&££:#>> F5K:/DDsCD^y FCDv— 



4*BB¥7 -5 6 6 9 3 

KggSrffifAfc^X* • 7KMtB*Ott«M 
ri^i7>f h^t7v^i#ifii 

[0 0 4 9] &*5, fIr>fX^H7^yDDs(:^ 

DNO&(5t&#£f^§K:, zi>hD — ^ U^XhCPU 

CPU3H+t7>'i^ : e , J6(Z)rt§^T 
7^fhA7^U ffif>fX^H7^^DDsfl!)»iS 

[0 0 5 0] 7>f h/ty^«*WTr*itfc\ 

MSi:CPU3}j:fif^x^ H^^DD s co^\^ 
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